CHAPTER 2
ELECTRICAL CLASSIFICATION OF MATERIALS

Electrons are contained in sub-shells within major shells, as they orbit around the nucleus. In
general, the electrical praperties 0. a material are determined by ——

(a}  the distance the outer main shell of the atoms in the material is from the nucleus.

{b) the number of the sub-shell in which the valence electrons exist. .

{c} the number of electrons in the valence sub-shell.

As stated previously, valence band electrons may be removed from the influence of their nuclei.
The classification of materials depends mainly an the ease or difficulty associated with the shifting of

these valence electrons,

2.1 CLASSIFICATION OF MATERIALS

The three electrical classifications of materials are ~—

(a) conductor
{b) semiconductor

(c) insulator

The classification of a material is made on the assumption that the material is operating under
normal conditions, as some materials have completely different characteristics if these conditions are
aftered. Normal conditions exist at atmospheric pressure and temperature.

{a} Conductor

Elements whose electrons are easily removed from their orbits are termed conductors.
The conductor has its atoms held together by a metallic bond. This bond occurs when
there 's a continuous interchange of electrons between adjacent atoms. The electrical
conductor is normally a solid material having one electron in the first sub-shell of the
outer major shell. Typical of these are goid, silver and copper. Gold has one electron
in the first sub-shell of the*P'shell. There are no electrons in the forth and fifth sub-
shells of the 'O’ shell. {Figure 2.1).
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The one eiectran in the 'P’ shel! is locsely bouna to the nucleus because of the large electrzr
free gap cetween it ind the third sub-sheil of the 'O’ tnet. For this reason it s easily removed fro— ¢
arbit, thus making scid a good conductor of sleciricit, .

Siiver has one siectron in the first sub-shell ¢ <he ‘0’ sheu, separated from the third sub-srep of
the "N’ snewt Dv one empty sub-shell and a fortiaden cana. {Figure 2.2).
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Similarly copper has one electron in the first sub-sheil of the ‘N’ shell. This electron is more
tightly bound to the nucleus than the single electron of silver or gold but is still separated from the next
shell by a forhidden band and shifts readily.
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Other factars besides the three mentioned earlier in this chapter influence the ability of
electrons to shift from one energy level to another energy level. When all these factors are taken into
account, the best solid conductors are silver, gold and copper in that order. Copper is the mast extens:
ively used however, because of its relatively low cost compared with the cost of silver and gold.

Although it has three electrons in its outer sheil and is not as good a canductor as copper,
aluminium is being increasingiy used as the conductor in electrical cable. The reason for this is that
when compared with copper, aluminium is far lighter and less expensive.
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(b} Semiconductors
The outer major shell of simiconductor materials has the first sub-shell filled with 1ts two
eiectrons and twe electrons in the second sub-shell. Typical semiconductor materials are
silicon and germanium. (Figure 2.3).
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Secause the semiconcucior material has four electrans in the outer main sheii it is said to have
a valency of four. Four adizcent atoms in semiconaucter materiai share tne 1wo electrons in the outer
sub-shai 1o complete the max:mum number of eight aiectrons ailowable 1n & second main shell. This is
known &5 covalent bonding, Figure 2.4).
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Figure 2.4

Only the electrons in the second sub-shell are shown in Figure 2.4 as these are the electrons that
determine the electrical properties of the material. Electrons will move at random through semicenductor
material at room temperature, but not in the same numbers as in conductor materials,

{c) Insulators

Insulators are materials in which it is very difficult to shift electrons from their valence
band. They usually have ane or two electrons less than the maximum number allowable
in the second or third sub-shell. Few natural elements are used as insulators, most
commercial insulators being a compound of two or more elements. Typical insulators are
rubber, plastics, glass, mica and ceramics.

The classification of different materials is related to their ability to allow the passage of electricai
current. Conductor materials offers the least amount of appasition to the movement of electrans.
Insutator materiai opposes electron movement. The uses of semi-conductor material is discussed in latter
chapters.

2.2 DOPING OF SEMICONDUCTOR MATERIALS

Semiconducter material has a cubic or crystailine lattice structure. Like all materials composed
of complete atams, it s electrostatically neutral. Atoms which have 3 valency of three or five may be
introduced into the sermiconductor material while it is in the molten state. Because of the low number
of atems mixed into the pure semiconductor material, these atoms are known as impunity atoms, The
introduction of these ‘mpurity atoms into the pure semicoenductor material is called doping of that
material. Doping of semiconductor materiai may form aither p or n type semiconductor mazterial
depending cn the vafency of the impurity atoms used. The ratio of IMpurity atoms 10 pure semi-
conductor stoms is aperoximately one in ten million.

n TYPE MATERIAL

Atams of elements such as phosphorus and arseric have a vaiency of five. The outer main shen
of these atcms has its “irst sub-shel! complete with its 1wo zlectrons wniie its second sub-shell contains
three electrens. If one of these sioms s compined with cure semicCRouUCIOr atems, two of the electrons
in ihe impurty atom sl combine with electrons in the semiconducior 210ms 1o fill the second sub-sre:
This will les.e one efec;ron unbonaed, ar free, from thz ‘zitice structure. This slectron moves at rancs—
ihroughout tne semiccrouctor matenal much like the ersctron in corgucior materrals, However, beczuss
of the smail ~umber o1 mpurities in the semiconductor ~aterial there wiil not e as many free alectrors
in the doped material 35 1 a copguctor,

As the only change in the cubic structure of ths coped mater:at s the unbondea etectron
{regative charcet, this tvoe of rnaterial 15 called n ype @rmiconductor matenal ind 15 exXISIance 15 45
ingicated in Figure 2.5,

P U



at
tor

4 L innn et

i 8060
igure 2.5 e e e e
56606

N

n type material is made by combining neutral atoms of semiconductor material with noutral
atoms of impurity elements, so the n type material itself must also be neutral, or exhibit no charge.

p TYPE MATERIAL

Elements such as galium and indium have a valency of three. Their outer main shell has its first
sub-shell complete with its two electrons, but the second sub-sheil has oniy one electron. When an
impurity atom with a valency of three is inserted into the pure semiconductor material, the one electron
in its outer sub-shell is not sufficient to compiete the lattice structure. Instead of all atoms having eight
shared electrans in the outer sub-shell, the impurity atam has only seven, thus creating a gap or hole in -
the structure. This hole will attract any stray electron which may be in the vicinity of the impurity atom
Because of this attraction for an electron {—} the existance of this type of doped semiconductor material
is shown by a plus { + } sign, or the letter p. {Figure 2.6).
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Again, as only neutral atoms are involved in changing the semiconductor material, the doped
material must be neutral.

2.3 THE pn JUNCTION

As statea, both the n and p type materials are neutrai in charge, zithough the n type has
unbonded electrons, and the p type hales which will attract electrons.

If 3 piece of each material is joined together, there will be an electrostatic change at the joint or
junct:on of the materials. Unbonded electrons in the n type material wiil move across the junction into
holes ‘n the p 1voe material. These electrons can oniy move & certain disiznce :nto the p type material
becauss they zre sull held bv the attractive forces of their parent nucles. The movement of the electrons
from the neutrz; n impurity atom, ionises that atom, making .2 2xhibit positive charge, The gaining of an
eleciron to fili 2 Soie m a neutral p impurity atom causes the :mpurity i¢ wonise and exhibit negative
charge. There :s said to be @ deptetion of charges at the juncuon. (Fgure 2.7).
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As there has only been a sharing, not a loss or gain, of electrons, when the neutral n and p
materials combine, the pn junction itself must be neutral in charge. The impurity atom in the n type
material is called a donor atom, as it gives its electrons to the impurity atom in the P type material,
which is known as the acceptor atom.

The joining ér fusing together of p and n type material is used extensively in the electronic field,
specific applications being discussed in Stage 2.
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